1.

Introduction
While prognostic factors for cancer in general and bladder cancer specifically traditionally focus on gross and microscopic tumor characteristics [1, 2] , overall health of patients often impacts survival. Comorbidity is defined as any coexisting disease or condition that may impact diagnosis, treatment, and prognosis for an index disease (in this study, bladder cancer). Many patients with cancer have comorbidities so severe that they prohibit use of preferred antineoplastic treatments and impact survival [3] .
Cancers for which comorbidity is particularly important are those that are not rapidly fatal and affect people older than 50 yr. The prognostic impact of comorbidity has been determined in lung [4] , oral cavity [5] , and prostate cancer [6] . For some cancers, authors have found the prognostic impact of comorbidity to be independent of clinical aggressiveness [3, 7] ; therefore, assessment of comorbidity is warranted prior to aggressive intervention. In fact, because of the strong independent impact of comorbidity on survival, some authors have advocated inclusion of comorbidity information in cancer staging systems [5] , insisting that such inclusion will improve accuracy in determining prognosis and in assessing treatment effectiveness.
Urothelial cancer is strongly associated with smoking and increased dietary fat [8, 9] . Because these are factors that predispose to other medical conditions, including cardiovascular, cerebrovascular, and pulmonary disease, it is not surprising that patients with urothelial cancer often have significant comorbidities [10] . The goal of this study is to determine if comorbidity provides important independent prognostic information after controlling for morphological (stage and grade of tumor) and demographic (age, gender, and race) variables. Our end point is overall survival for the entire cohort. In addition, we investigated two subsets-patients with noninvasive disease and patients treated with cystectomy for muscle invasive or locally aggressive disease.
Methods
Study design
This was a retrospective analysis of data collected prospectively by certified tumor registrars at the time of cancer diagnosis.
Study population
After obtaining institutional review board approval, we reviewed clinical and pathological data of 794 patients diagnosed with bladder cancer between 1994 and 2006. The Barnes-Jewish Hospital Oncology Data Services is an American College of Surgeons Commission on Cancer (CoC)-approved cancer registry and actively maintains an electronic database of patients diagnosed or treated at our institution for malignancy. It does not mandate any practice pattern and all patients were managed at the discretion of the treating physician. We excluded 33 patients who did not have comorbidity information recorded, 31 patients who did not have pathological or clinical tumor stage recorded, and 55 patients who did not have transitional cell histology (specifically, patients with sarcomas, adenocarcinomas, and squamous cell carcinomas were excluded). The final study population consisted of 675 patients.
Data collection
Data collected include standard tumor registry data elements: date of diagnosis, demographic information, and tumor morphology and nodal spread at time of presentation or initial therapy. Follow-up was performed on all patients in the database on an annual basis by review of patient medical records, letters of inquiry to physicians and patients, and review of social security death index. Information collected at follow-up included disease status (including recurrence and progression), subsequent therapy, and outcome. The authors conducted verification of a random sample of the study population (5%) to ensure quality control.
Comorbidity data
Adult Comorbidity Evaluation-27 (ACE-27) is a 27-item comorbidity instrument validated on adult oncology patients [11, 12] including 513 bladder cancer patients. Comorbidity was evaluated by review of medical records and other health information sources used by cancer registrars to obtain CoCrequired information. Comorbidities were defined as preexisting medical conditions, or conditions present at time of cancer diagnosis, including previous or synchronous cancers. Examples of comorbid ailments included in ACE-27 are congestive heart failure (CHF), arrhythmias, hypertension, and diabetes. The ACE-27 can be viewed at: http://oto.wustl.edu/clinepi/Forms/com_form.doc. In ACE-27, specific diseases are graded into one of three levels of organ decompensation: Level 1 is mild decompensation, level 2 is moderate decompensation, and level 3 is severe decompensation. For instance, CHF would be rated as severe if ejection fraction was less than 20% or the patient was hospitalized within the previous 6 mo for CHF. It would be classified as moderate if the last hospitalization was more than 6 mo prior, or there was evidence of dyspnea limiting activity, but ejection fraction was more than 20%. Finally, CHF would be considered mild if there was evidence for dyspnea that responded to treatment. Following classification of individual diseases, an overall comorbidity score (none, 0; mild, 1; moderate, 2; or severe, 3) is assigned on the basis of the highest-ranked single ailment or as severe in the case of two or more moderate organ decompensations in different organ systems.
2.5.
Data classification
''Zero time'' for each patient was defined as time of initial diagnosis of bladder cancer. Primary tumor histology was recorded from biopsy and surgical resections. Grading was performed at time of surgery with the use of the World Health Organization/International Society of Urological Pathology consensus classification [13] or the 1965 classification [14] . Given the different grading systems used during the span of our study, we standardized grade by classifying it into high and low grade for data analysis. Staging data included initial clinical TNM classification from physician reports and pathological TNM classification from surgical pathology reports. American Joint Committee on Cancer (AJCC) staging system was then derived from TNM classification: Stage 0 is TaN0M0 or TisN0M0; stage I is T1N0M0; stage II is T2aN0M0 or T2bN0M0; stage III is T3aN0M0, T3bN0M0 or T4aN0M0; stage IV is T4bNxMx, TxN+M0, or TxNxM1. For data analysis, pathological AJCC stage was used because since this parameter has been shown [15] to drive outcome. However, in some cases pathological stage incompletely assessed tumor extent (for example, neoadjuvant chemotherapy substantially alters pathological stage), so clinical AJCC stage was substituted.
Data analyses
Tabulation, sorting, and data analyses were performed with the use of the SAS 1 system (SAS Institute Inc, Cary, NC, USA). Bivariate and multivariate analyses were used to assess the prognostic impact of several factors. Variables with p < 0.1 on bivariate analysis were included in multivariate model. For each cohort studied, all predictor variables were entered into a single multivariate model (Cox proportional hazard analyses) and p < 0.05 was considered significant. Confidence intervals were calculated for each variable with the use of 1 degree of freedom. Interaction between comorbidity and age was assessed with the use of Spearman rank correlation coefficient. We used bootstrap samples (with replacement) drawn from the development data set to estimate c-index from the logistic regression model predicting overall survival. The average of the performance measure was taken over 200 repetitions. To assess impact of comorbidity, discrimination was measured in the predictive model both with and without comorbidity assessment.
Results
The study population consisted of 519 (77%) men and 156 (23%) women, 568 (84%) European Americans, 100 (15%) African Americans, and 7 (1%) of other ethnicities. Median age was 71 yr. Of 675 patients, 446 (66%) had at least one comorbid condition.
Entire cohort
In the study population, 301 of 675 patients (44.6%) died during follow-up. Median follow-up was 45 mo. Demographic features and univariate analyses for the entire cohort are outlined in Table 1 . The relationship between severity of comorbidity and overall survival was examined with the use of a Kaplan-Meier analysis ( Fig. 1 ). At any point in time, patients with more severe comorbidity had worse overall survival. Stage is also associated with survival as demonstrated by Fig. 2 . Because comorbidity, AJCC stage, age, race, and grade had p < 0.1 on bivariate analysis, they were included in multivariate analysis. In multivariate analysis, comorbidity (hazard ratio [HR], 1.39; 95% confidence interval [95%CI], 1.24-1.56; p = 0.0001), AJCC stage (HR, 1.62; 95%CI, 1.46-1.81; p = 0.0001), age (HR, 1.44; 95%CI, 1.24-1.68; p = 0.0001), and race (HR, 1.55; 95%CI, 1.15-2.10; p = 0.0045) were significant, whereas grade (HR, 0.91; 95%CI, 0.66-1.26; p = 0.5780) was not.
Bootstrapping demonstrated that inclusion of comorbidity improved the ability of the model to distinguish patients who did and did not survive after bladder cancer diagnosis. The c-index with inclusion of comorbidity was (c = 0.636; 95%CI, 0.633-0.639) compared with a predictive model without comorbidity as a covariate (c = 0.631; 95%CI, 0.629-0.634). This finding suggests that comorbidity significantly adds to the internal validity and fit of the model (t = 12.65, p = 0.0001).
Age was not a surrogate for comorbidity. Spearman rank correlation coefficient did not identify a meaningful relationship between age and comorbidity (r = 0.151; cut-off r > 0.5 for interaction).
Patients with noninvasive bladder cancer
Demographic features and univariate analyses for patients with noninvasive bladder cancer are outlined in Table 2 . On bivariate analysis, comorbidity, age, stage, and grade had p < 0.1, and were included in multivariate analysis. Comorbidity (HR, 1.52; 95%CI, 1.28-1.80; p = 0.0001) and age (HR, 1.63; 95%CI, 1.28-2.08; p = 0.0001) remained significant on multivariate analysis, whereas AJCC stage (HR, 1.39; 95%CI, 0.92-2.09; p = 0.1150) and grade (HR, 1.11; 95%CI, 0.72-1.70; p = 0.6510) did not.
Patients treated with cystectomy
Demographic features and univariate analyses for patients treated with cystectomy are outlined in Table 3 . Because comorbidity, age, stage, grade, and race had p < 0.1 on bivariate analysis, they were included in multivariate analysis. In multivariate analysis, comorbidity (HR, 1.36; 95%CI, 1.10-1.69; p = 0.0053), AJCC stage (HR, 1.85; 95%CI, 1.47-2.32; p = 0.0001), and race (HR, 1.77; 95%CI, 1.01-3.08; p = 0.0449) were significant, whereas age (HR, 1.19; 95%CI, 0.92-1.54; p = 0.1810) and grade (HR, 1.05; 95%CI, 0.50-2.22; p = 0.9030) were not. Table 4 shows adjusted HRs for each level of comorbidity, with a side-by-side comparison of the entire cohort and the two subsets studied.
Discussion
In evaluating patients for treatment, patients and physicians commonly focus on tumor characteristics such as grade and stage, which have proven to predict risk of recurrence, progression, metastasis, and death [1, 2] . Efforts have been made to improve risk assessment by examining other pathological parameters such as number of lymph nodes [16] , depth of tumor invasion [17] , and biomarker status [18] . However, the primary cause of mortality is often not tumor progression, but comorbid disease [4] [5] [6] . Comorbidity can impact overall survival of bladder cancer patients either directly by causing the patient's demise or indirectly by limiting treatment options. Increased perioperative complications and less aggressive treatment have often been considered possible links between comorbidity and outcome [19] . In our study, overall survival for the entire cohort was related to comorbidity, age, stage, and race. This finding provides evidence that the most important end point, overall survival, is determined by a complex interaction of demographic, tumor, and patient factors. In noninvasive bladder cancer patients, comorbidity and age independently predicted overall survival, whereas grade, stage, race, and gender did not. This is consistent with the fact that noninvasive bladder cancer tends to recur locally but rarely progresses. As a result the primary risk of death is attributed to advancing age and comorbid disease, not bladder cancer. In contrast, analysis on patients undergoing cystectomy demonstrated that stage, comorbidity, and race significantly predicted overall survival. Thus, in the subset of patients requiring cystectomy, extent of tumor and comorbidity are important.
These findings have an impact for the practicing urologist. Although on the surface the relationship between comorbidity and overall survival seems intuitive, there are malignancies that are so aggressive (for instance pancreatic cancer) that the expected impact of comorbidity is minimal, whereas other malignancies can be indolent enough (eg, basal cell cancer) that survival is driven primarily by comorbidity. We found that for bladder carcinoma, both disease-specific and patient-specific variables impacted outcome. For patients with noninvasive disease, comorbidity drove survival. Clinicians can use these data to reassure patients that, whereas noninvasive tumor may recur frequently, if properly treated, it is unlikely to contribute to mortality. In contrast, for patients with invasive disease, even with severe comorbidity, tumor-specific variables impact survival. We believe that this finding provides important prognostic information for clinicians and patients following treatment.
The effect that small changes in comorbidity can have on survival is underappreciated. In our study, comorbidity strongly predicted outcome in patients healthy enough to be considered good surgical candidates. Although this group received gold standard treatment (cystectomy), relatively small changes in general health status led to significant differences in overall survival: 59.1% mortality for severe comorbidity versus 43.5% mortality for moderate comorbidity (Table 3) . Therefore, comorbidity is a potentially valid adjunct along with tumor-specific variables, and patients' overall health should be optimized in addition to management of their bladder cancer.
Other patient-specific variables were also found to predict survival. The relationship between age and overall mortality should not be surprising. Clark et al [20] found that 5-year overall survival declined with increasing age for bladder cancer patients. Nielsen et al [21] found that advanced age was independently associated with poorer disease specific survival in cystectomy patients. The relationship between race and survival is striking, particularly in cystectomy patients (Tables 1 and 3) . Although this relationship could be due to biological differences in tumor biology, a more plausible explanation is that access to care either before or after diagnosis is different. Finally, it is possible that competing causes of mortality unrelated to bladder cancer are higher in African Americans.
There have been several prior studies examining the effect of comorbidity on survival of patients with bladder cancer. Miller et al [22] examined 78 patients undergoing radical cystectomy and found that comorbidity was associated with surgical delay, adverse pathology, and decreased diseasefree survival. They, however, failed to find a significant independent association between comorbidity and overall survival, and cited small sample size and weaknesses of the Charlson Comorbidity Index as possible explanations. Our study, with a larger sample size (subset analysis on 210 cystectomy patients) and a validated comorbidity instrument, demonstrated that comorbidity significantly influences overall survival in cystectomy patients.
Kock and Smith [23] examined 47 patients undergoing cystectomy and failed to demonstrate an association between comorbidity as assessed by American Society of Anesthesiologists (ASA) scores and survival. Lack of association may be secondary to relative lack of sensitivity of ASA and limited sample size. Chang et al [24] also used ASA scores and had relatively small samples sizes, which may have contributed to their negative results.
There are several limitations to our study. Mortality rates were higher than those reported in clinical trials, which likely reflects the fact that patients enrolled in clinical trials typically have good performance status compared with the average bladder cancer patient. Second, we did not examine the association between comorbidity and disease-specific survival because the data were not available. We believe that overall survival is a more critical end point-and is the end point of greatest interest to patients. Disease-specific survival is most important in assessing effect of treatment. Another limitation is that the relationship between treatment and outcome was not explored. However, the primary goal of this study was to examine the effect of comorbidity on all patients with newly diagnosed bladder cancer, not a subset of patients. Treatment for bladder cancer is dramatically different for patients with different stages of disease, ranging from local resection alone in patients with low-grade noninvasive disease to chemotherapy in patients with metastatic disease. Treatment is also influenced by patient and surgeon preference. Because of the complexity involved in treatment decisions and assessment of treatment effectiveness from observational data, we could not accurately model treatment in this study.
Despite these limitations, our study has certain strengths. To our knowledge, this is currently the largest study investigating the prognostic impact of comorbidity on survival for bladder cancer patients. The current study improves on previous studies by collecting comorbidity information prospectively with the use of ACE-27, an instrument validated on adult oncology patients. Lastly, our study population is diverse; it encompasses patients with all disease stages and does not limit our analysis to one specific stage or treatment group. This study, therefore, demonstrates the global effects of comorbidity on outcome for bladder cancer patients, while also addressing issues in specific subsets.
Because we have established the relationship between comorbidity and overall survival, future studies should investigate the means through which comorbidity influences outcome. The association between comorbidity and surgical delay and between comorbidity and type of surgery performed (including extent of lymph node dissection) should be further investigated because both are clear predictors of outcome for bladder cancer [16, 25, 26] .
Conclusions
Comorbidity is a significant, independent predictor of overall survival in patients with bladder cancer. In addition, survival was associated with stage, age, and race. In patients with noninvasive disease, comorbidity and age predict survival, whereas tumor variables (stage and grade) do not. In contrast, for patients treated with cystectomy, comorbidity, stage, and race predict survival. Therefore, both tumor-specific variables and comorbidity should be evaluated in bladder cancer patients. Because we have shown that, even in patients with advanced bladder cancer who were considered good surgical candidates, small changes in severity of comorbidity can translate into significant differences in survival, attempts should be made to optimize the overall health of these patients, along with management of their bladder cancer.
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